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(54) CHANNEL-BASED BINARIZATION OF COLOR

(57) Systems and methods for generating a binary
image from a color image are disclosed. A method in-
cludes: acquiring a color image; generating a first gray-
scale image from a first color channel in the color image
and a second grayscale image from a second color chan-
nel in the color image; and generating a binary image
using at least the first grayscale image and the second
grayscale image.
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Description

Field of the Invention

[0001] The present invention generally relates to im-
age processing and, more particularly, to a system and
method for generating a binary image from a color image.

Background Description

[0002] A binary (black/white) image is typically sourced
from a grayscale image. The grayscale image may be
obtained by converting a color image from a color camera
into grayscale, and then the grayscale image may be
binarized to create the binary image. The color image
may be converted to the grayscale image by combining
the color intensity channels (e.g., R/G/B) in the color im-
age into a single grayscale intensity channel. The binary
image may then be generated by binarizing the single
grayscale intensity channel of the grayscale image.
[0003] Postal recognition software used in mail sorting
and sequencing systems may work on binary images.
To obtain a binary image, a color image may be converted
to a grayscale image, and a binarization process may
convert the grayscale image to a binary image. However,
the resulting binary image may suffer from noise, ob-
structed areas of interest, or specular reflection.

SUMMARY OF THE INVENTION

[0004] In an aspect of the invention, there is a method
that includes: acquiring a color image; generating a first
grayscale image from a first color channel in the color
image and a second grayscale image from a second color
channel in the color image; and generating a binary im-
age using at least the first grayscale image and the sec-
ond grayscale image.
[0005] In another aspect of the invention, there is a
computer program product that includes a computer
readable storage medium having program instructions
embodied therewith. The program instructions are exe-
cutable by a computer device to cause the computer de-
vice to: acquire a color image; generate a grayscale im-
age from each of at least two color channels in the color
image; and generate a binary image using the grayscale
images.
[0006] In yet another aspect of the invention, there is
a system that includes: at least one hardware processor;
a color image acquirer configured to acquire a color im-
age; a grayscale image generator configured to generate
a first grayscale image from a first color channel in the
color image acquired by the color image acquirer and a
second grayscale image from a second color channel in
the color image acquired by the color image acquirer;
and a binary image generator configured to generate a
binary image using the first grayscale image generated
by the grayscale image generator and the second gray-
scale image generated by the grayscale image genera-

tor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The invention is described in the detailed de-
scription which follows, in reference to the noted plurality
of drawings by way of non-limiting examples of exempla-
ry embodiments of the present invention, in which like
reference numerals represent similar parts throughout
the several views of the drawings, and wherein:

FIG. 1 shows an illustrative environment for imple-
menting the steps in accordance with aspects of the
invention.

FIG. 2A shows a representation of an input color
image.

FIG. 2B shows a representation of a combined gray-
scale image generated from the input color image.

FIG. 2C shows a representation of a binary image
generated from the combined grayscale image.

FIG. 3A shows a representation of an input color
image according to an aspect of the present disclo-
sure.

FIG. 3B shows a representation of grayscales imag-
es for each color channel generated from the input
color image according to an aspect of the present
disclosure.

FIG. 3C shows a representation of binary images for
each color channel generated from the grayscale im-
ages for each color channel according to an aspect
of the present disclosure.

FIG. 3D shows a representation of a binary image
generated from the binary images for each color
channel according to an aspect of the present dis-
closure.

FIG. 4A shows a representation of a binary image
generated from a combined grayscale image.

FIG. 4B shows a representation of a binary image
generated from binary images for each color channel
according to an aspect of the present disclosure.

FIG. 4C shows a representation of a difference be-
tween the binary image generated from the com-
bined grayscale image and the binary image gener-
ated from the binary images for each color channel
according to an aspect of the present disclosure.

FIG. 5A shows a representation of an input color
image according to an aspect of the present disclo-
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sure.

FIG. 5B shows a representation of a binary image
with a watermark generated from binary images for
each color channel according to an aspect of the
present disclosure.

FIG. 6A shows a representation of an input color
image according to an aspect of the present disclo-
sure.

FIG. 6B shows a representation of a binary image
with an emphasized feature generated from binary
images for each color channel according to an as-
pect of the present disclosure.

FIG. 6C shows a representation of a binary image
with a masked feature generated from binary images
for each color channel according to an aspect of the
present disclosure.

FIG. 7 shows a flowchart of a method in accordance
with aspects of the present disclosure.

FIG. 8 shows a block diagram of a binary image gen-
eration module in accordance with aspects of the
present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0008] The present invention generally relates to im-
age processing and, more particularly, to a system and
method for generating binary images from color images.
Aspects of the invention may create a binary image from
a color image by binarizing each of the color channels in
the color image to create multiple binary images and then
using weights and thresholds to combine the resulting
multiple binary images into one binary image. Advanta-
geously, improved binary images or binary images with
masked or emphasized features may be generated by
binarizing the color channels separately and combining
the resulting multiple binary images.
[0009] Aspects of the invention may take advantage
of varying magnitudes of pixel intensity transitions be-
tween color channels (e.g., for a given pixel color transi-
tion, each color channel may have a different distance
from the corresponding color channel of the neighboring
pixel). Weights may be used that allow for each color
channel’s recorded pixel transitions to have more, less,
or equal importance as compared to those of peer color
channels, while a combination threshold may be used
that allows a user to apply preferences to specific com-
binations of weighted pixel color channels. For example,
if R/G/B weights are set to 35%, 33%, and 32%, respec-
tively, and the combination threshold is set to 100%, in
order for a pixel to be black in the output image, the red,
green, and blue channel binarizations of that pixel should

all also be black. According to an aspect of the present
invention, R/G/B weights of 35%, 33%, and 32%, respec-
tively, may reduce image noise and binarization artifacts.
[0010] As another example, if R/G/B weights are set
to 30%, 59%, and 11%, respectively, and the combina-
tion threshold is set to 70%, in order for a pixel to be black
in the output binary image, one of the following conditions
should apply: (1) red and green channel binarizations
both show as black for the given pixel; (2) green and blue
channel binarizations both show as black for the given
pixel; or (3) red, green, and blue channel binarizations
all show as black for the given pixel. For the remaining
five combinations, the given pixel in the output image
would be set to white.
[0011] In one implementation, the system for generat-
ing binary images from color images and processes de-
scribed herein can be implemented in mail sorting and
sequencing systems. Postal recognition software used
in mail sorting and sequencing systems may work on
binary (black/white) images that are sourced from gray-
scale images; however, color cameras are starting to be
used in postal imaging systems. Advantageously, in the
systems and processes provided herein, improved bina-
ry images of colored envelopes, noisy areas, or obstruct-
ed areas of interest (e.g., address information on a mail-
piece) may be generated using color images from color
cameras. Additionally, the impact of specular reflections
may be reduced, extraction of masked data such as se-
curity backgrounds may be performed, or binarization
may be performed with specific colors in mind.

SYSTEM ENVIRONMENT

[0012] The present invention may be embodied as a
system, method, or computer program product. The
present invention may take the form of a hardware em-
bodiment, a software embodiment, or a combination of
software and hardware. Furthermore, the present inven-
tion may take the form of a computer program product
embodied in any tangible storage having computer-read-
able program code embodied in computer-readable stor-
age medium (non-transitory medium). The computer-
readable storage medium can contain or store informa-
tion for use by or in connection with the instruction exe-
cution system, apparatus, or device. The computer-read-
able storage medium may be, for example, an electronic,
magnetic, optical, electromagnetic, infrared, or semicon-
ductor system, apparatus, or device or other non-transi-
tory medium, memory, device, or system.
[0013] More specific examples of the computer-read-
able storage medium include the following non-transitory
systems, devices and/or memory: an electrical connec-
tion having one or more wires, a portable computer dis-
kette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable
read-only memory (EPROM or Flash memory), an optical
fiber, a portable compact disc read-only memory (CD-
ROM), an optical storage device, a magnetic storage de-
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vice, or any suitable combination of the foregoing. In the
context of this document, the computer readable storage
medium, memory, system and/or device is not to be con-
strued as being transitory signals per se. Hereinafter, the
computer readable storage medium, memory, system,
and/or device is generally referred to as computer-read-
able storage medium.
[0014] FIG. 1 shows an illustrative environment 110
for managing the processes in accordance with the in-
vention. The environment 110 includes a server or other
computing system 112 that can perform the processes
described herein. In aspects of the present invention, the
illustrative environment may be used in a mail sorting
and sequencing system, although other uses are also
contemplated by the present invention. The computing
system 112 includes a computing device 114 which can
be resident on or communicate with a network infrastruc-
ture or other computing devices.
[0015] The computing device 114 includes a processor
120, a memory 122A, an I/O interface 124, and a bus
126. In addition, the computing device 114 includes ran-
dom access memory (RAM), a read-only memory (ROM),
and an operating system (O/S). The computing device
114 is in communication with an external I/O device/re-
source 128 and a storage system 122B. The I/O device
128 can comprise any device that enables an individual
to interact with the computing device 114 (e.g., user in-
terface) or any device that enables the computing device
114 to communicate with one or more other computing
devices using any type of communications link or any
device that enables the computing device 114 to interact
with its environment. By way of example, the I/O device
128 can be a color camera that captures color images of
mailpieces.
[0016] The processor 120 executes computer program
code (e.g., program control 144), which can be stored in
the memory 122A and/or the storage system 122B. While
executing the computer program code, the processor 120
can read and/or write data to/from the memory 122A, the
storage system 122B, and/or the I/O interface 124. The
program code 144 executes the processes of the inven-
tion such as, for example, generating a binary image from
a color image. As discussed in more detail below, the
binary image may be generated by binarizing the color
channels in the color image to create multiple binary im-
ages and then using weights and thresholds to combine
the resulting binary images into one binary image.
[0017] The computing device 114 includes a binary im-
age generation module 100, which can be implemented
as one or more program code in the program control 144
stored in the memory 122A as a separate or combined
module. Additionally, the binary image generation mod-
ule 100 may be implemented as separate dedicated proc-
essors or a single or several processors to provide the
functionality of this tool. Moreover, it should be under-
stood by those of ordinary skill in the art that the binary
image generation module 100 is used as a general de-
scriptive term for providing the features and/or functions

of the present invention, and that the binary image gen-
eration module 100 may comprise many different com-
ponents such as, for example, the components and/or
infrastructure described and shown with reference to
FIG. 1.
[0018] In aspects of the present invention, the binary
image generation module 100 is operative and/or con-
figured to generate a binary image of a mailpiece or other
object by binarizing the color channels in a color image
of the mailpiece or other object. This is generally accom-
plished by providing the following functionality: (1) ac-
quiring the color image; (2) generating a first grayscale
image from a first color channel in the color image, a
second grayscale image from a second color channel in
the color image, and a third grayscale image from a third
color channel in the color image; and (3) generating the
binary image using the first grayscale image, the second
grayscale image, and the third grayscale image.
[0019] According to an aspect of the present invention,
generating the binary image may include generating a
binary image of the first color channel by binarizing the
first grayscale image, a binary image of the second color
channel by binarizing the second grayscale image, and
a binary image of the third color channel by binarizing
the third grayscale image. According to embodiments,
generating the binary image may further include combin-
ing the binary image of the first color channel, the binary
image of the second color channel, and the binary image
of the third color channel to generate the binary image,
optionally using a first predetermined weight for the first
color channel, a second predetermined weight for the
second color channel, and a third predetermined weight
for the third color channel.
[0020] According to an aspect of the present invention,
combining to generate the binary image may include, for
each pixel in the binary image, determining a combined
pixel value by combining corresponding pixel values in
the binary image of the first color channel, the binary
image of the second color channel, and the binary image
of the third color using the first predetermined weight, the
second predetermined weight, and the third predeter-
mined weight, respectively. For each pixel in the binary
image, if the combined pixel value is less than a prede-
termined threshold, a first value may be assigned to the
pixel, and if the combined pixel value is greater than or
equal to the predetermined threshold, a second value
may be assigned to the pixel. In an embodiment, the first
value may be a white value and the second value may
be a black value.

IMPLEMENTATIONS

[0021] FIGS. 2A-2C, 3A-3D, 4A-4C, 5A, 5B, 6A-6C, 7,
and 8 show representations of different techniques (proc-
esses) implemented by the systems and processes de-
scribed herein. These figures can also represent exem-
plary flows for respective processing steps in accordance
with aspects of the present invention. The exemplary rep-
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resentations can be implemented as a system, a method,
and/or a computer program product and related function-
ality implemented on the computing system of FIG. 1.
Accordingly, the processes associated with each repre-
sentative figure can be implemented by special purpose
hardware-based systems that perform the specified func-
tions or acts or carry out combinations of special purpose
hardware and computer instructions. It is also contem-
plated that any combination of techniques described
herein can be used together in parallel or serially.
[0022] FIGS. 2A, 2B, and 2C show representations of
images at various stages of a related art binarization
process. More specifically, FIG. 2A shows a representa-
tion of an input color image 200 used in a related art
binarization process. The input color image 200 may be
a color image of a mailpiece or other object. The input
color image 200 may be acquired from a color camera,
a color scanner, or any other device that creates, stores,
retrieves, or outputs color images.
[0023] FIG. 2B shows a representation of a combined
grayscale image 210 generated from the input color im-
age 200 by a weighted combination of each of the multiple
color intensity channels in the input color image 200 into
a single grayscale intensity channel. That is, the com-
bined grayscale image 210 may be generated by, for
each pixel in the input color image 200, combining using
weights the value of each color intensity channel for the
pixel to create a combined pixel value (i.e., a value for
the single grayscale intensity channel) for the combined
grayscale image 210. For example, a color intensity value
for a red color channel, a color intensity value for a green
color channel, and a color intensity value for a blue color
channel may be combined to create an intensity value
for a single grayscale intensity channel. Each color chan-
nel may be weighted differently, or the same weight may
be given to each color channel in the combining.
[0024] FIG. 2C shows a representation of a binary im-
age 220 generated from the combined grayscale image
210 by a related art binarization process. A binarization
algorithm may be applied to the grayscale image 210 to
generate the binary image 220.
[0025] According to the related art binarization proc-
ess, the intensity levels of each of the color channels
(e.g., red, green, and blue) are combined into a single
intensity map. However, this method can cause important
information to be obscured, and can also cause the in-
troduction of undesired information. For example, as-
sume there are two neighboring pixels with RGB color
values (55, 141, 30) and (65, 100, 50). If these pixels are
converted to grayscale using color channel weights of
(30%, 59%, 11%), the resulting pixel intensities are
(55*.3, 141*.59, 30*.11) = (17, 83, 3) = 103 and (65*.3,
100*.59, 50*.11) = (20, 59, 6) = 85. Now, if the binarization
algorithm has a threshold intensity distance requirement
for indicating a transition (i.e., pixel transition threshold)
of 15, an edge would be formed between these two pixels
(i.e., one would be black and the other white) in the related
art binarization process.

[0026] FIGS. 3A, 3B, 3C, and 3D show representations
of images at various stages of a binarization process ac-
cording to an aspect of the present invention. More spe-
cifically, FIG. 3A shows a representation of an input color
image 300 of a mailpiece or other object. The input color
image 300 may be acquired from a color camera, a color
scanner, or any other device that creates, stores, re-
trieves, or outputs color images.
[0027] FIG. 3B shows a representation of grayscales
images 310, 320, 330 for each color channel generated
from the input color image 300. The grayscale image 310
may be generated from the red color channel in the input
color image 300, the grayscale image 320 may be gen-
erated from the green color channel in the input color
image 300, and the grayscale image 330 may be gener-
ated from the blue color channel in the input color image
300. The grayscale image 310 may be created by con-
verting a color intensity value for the red color channel
in the input color image 300 to an intensity value for a
grayscale intensity channel. The grayscale image 320
may be created by converting a color intensity value for
the green color channel in the input color image 300 to
an intensity value for a grayscale intensity channel. The
grayscale image 330 may be created by converting a
color intensity value for the blue color channel in the input
color image 300 to an intensity value for a grayscale in-
tensity channel.
[0028] According to another aspect of the present in-
vention, different color channels (including different num-
bers of color channels) may be used and a different
number of grayscale images may be generated based
upon the number of color channels. For example, two
color channels may be used, and two grayscale images
may be generated, one from each color channel. As an-
other example, four color channels may be used (e.g.,
cyan, magenta, yellow, and black in the case of CMYK),
and four grayscale images may be generated, one from
each color channel. Other examples of color channels
that may be used include, but are not limited to, HSV
channels (hue, saturation, and value) and YUV channels.
[0029] According to an aspect of the present invention,
in the conversion of the color intensity values for the red,
green, and blue color channels to the intensity value for
the grayscale intensity channel during the generation of
the grayscale images 310, 320, 330, weights may be
applied. Different weights may be used for each of the
color channels. Alternatively, the same weight may be
used for each of the color channels. For example, for a
pixel in the grayscale image 330, an intensity value for
the grayscale intensity channel may be determined by
taking the result of dividing the color intensity value for
the blue color channel in the input color image 300 by
the maximum color intensity value and multiplying by 0.7,
in the case of a 70% weight.
[0030] FIG. 3C shows a representation of a binary im-
age 340 generated from the grayscale image 310 gen-
erated from the red color channel, a binary image 350
generated from the grayscale image 320 generated from
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the green color channel, and a binary image 360 gener-
ated from the grayscale image 330 generated from the
blue color channel. Alternatively, if different color chan-
nels are used, a binary image may be generated from
each of the grayscale images corresponding to each of
the color channels. A binarization algorithm may be ap-
plied to the grayscale image 310 to generate the binary
image of the red color channel 340. The binarization al-
gorithm may be applied to the grayscale image 320 to
generate the binary image of the green color channel
350. The binarization algorithm may be applied to the
grayscale image 330 to generate the binary image of the
blue color channel 360. According to an aspect of the
present invention, any binarization algorithm may be
used which is known to those of ordinary skill in the art
such that no further explanation is required for a complete
understanding of the invention. Binarization algorithms
which may be used include, but are not limited to, Fixed
Thresholding, Otsu, and Kittler, as is known in the art. A
single binarization algorithm or multiple binarization al-
gorithms may be used (e.g., a different binarization al-
gorithm may be used for each color channel) in imple-
menting the processes described herein. Further accord-
ing to an aspect of the present invention, the binarization
algorithm may use transitions between intensity levels of
the input grayscale images 310, 320, 330 to determine
whether a given pixel is black or white. By binarizing each
color channel separately, the intensity difference be-
tween any given set of pixels can be considered individ-
ually by color channel.
[0031] FIG. 3D shows a representation of a binary im-
age 370 generated from the binary images 340, 350, 360
for each color channel according to an aspect of the
present invention. The binary image of the red color chan-
nel 340, the binary image of the green color channel 350,
and the binary image of the blue color channel 360 may
be combined to generate the binary image 370. Alterna-
tively, if different color channels are used, the binary im-
ages for each of the color channels may be used to gen-
erate the binary image 370.
[0032] According to an aspect of the present invention,
a combined pixel value is calculated from a correspond-
ing pixel in each of the binary images 340, 350, 360. In
calculating the combined pixel value, equal weight may
be used for each of the binary image of the red color
channel 340, the binary image of the green color channel
350, and the binary image of the blue color channel 360.
Alternatively, a first predetermined weight may be used
for the binary image of the red color channel 340, a sec-
ond predetermined weight may be used for the binary
image of the green color channel 350, and a third prede-
termined weight may be used for the binary image of the
blue color channel 360 during the combining.
[0033] The combined pixel value is then compared to
a pixel combination threshold. If the combined pixel value
is less than the pixel combination threshold, the pixel may
not show a transition, and a first value (e.g., 0 or white)
may be assigned to the pixel. If the combined pixel value

is equal to or greater than the pixel combination thresh-
old, the pixel may show a transition, and a second value
(e.g., 1 or black) may be assigned to the pixel.
[0034] According to an aspect of the present invention,
by binarizing each color channel separately, intensity dif-
ference between any given set of pixels may be consid-
ered individually. For example, the binarization process
using the same two neighboring pixels with RGB color
values (55, 141, 30) and (65, 100, 50), the same color
channel weights, and the same pixel transition threshold
as discussed herein may yield a different result than that
of the related art binarization process. For example, ac-
cording to an aspect of the present invention, each color
channel is now compared individually: 55 vs. 65, 141 vs.
100, 30 vs. 50, as compared to a conventional binariza-
tion process which compares the result of combining all
of the color channels into a single grayscale channel.
Applying the same pixel transition threshold value of 15,
the resulting binary transitions are as follows: (0, 1, 1)
(since 65 - 55 = 10 < 15; 141 - 100 = 41 ≥ 15; 50 - 30 =
20 ≥ 15). Applying the same color channel weights of
(30%, 59%, 11%), a combined pixel value is calculated
as (0, 1, 1) * (.30, .59, .11) = (0, .59, .11) = 0 + 0.59 +
0.11 = 0.70. If a pixel combination threshold of 71% (0.71)
or higher is defined, this pixel will not show a transition,
and a first value (e.g., 0 or white) will be assigned to the
pixel. If a pixel combination threshold of 70% (0.70) or
lower is defined, this pixel will show a transition, and a
second value (e.g., 1 or black) will be assigned to the
pixel.
[0035] FIG. 4A shows a representation of a binary im-
age 400 generated from the combined grayscale image
210 shown in FIG. 2B, in the related art binarization proc-
ess. FIG. 4B shows a representation of a binary image
410 generated from binary images for each color channel
340, 350, 360 shown in FIG. 3C. FIG. 4C shows a rep-
resentation of a difference between the binary image 400
generated from the combined grayscale image 210 and
the binary image 400 generated from the binary images
for each color channel 340, 350, 360. Here, it is clearly
seen that implementing the present invention will result
in an improved binary image 410.
[0036] According to an additional aspect of the present
invention, the color channel weights and/or the pixel com-
bination threshold may be varied in order to emphasize
or deemphasize various aspects of the images. For ex-
ample, FIG. 5A shows a representation of an input color
image 500. The color channel weights and/or the pixel
combination threshold may be selected such that certain
aspects of the input color image 500 are more or less
prominent in an output binary image. For example, ele-
ments of a particular color in the input color image 500
may be emphasized or deemphasized in the output bi-
nary image based upon the selection of the color channel
weights and/or the pixel combination threshold. FIG. 5B
shows a representation of a binary image 510 in which
the color channel weights and/or the pixel combination
threshold have been selected such that a watermark is
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emphasized.
[0037] As another example, FIG. 6A shows a repre-
sentation of an input color image 600. The color channel
weights and/or the pixel combination threshold may be
selected such that a postmark is emphasized in a binary
image 610 as shown in FIG. 6B. Alternatively, the color
channel weights and/or the pixel combination threshold
may be selected such that the postmark is deemphasized
in a binary image 620 as shown in FIG. 6C.
[0038] FIG. 7 depicts exemplary methods in accord-
ance with aspects of the invention. The steps of the meth-
od may be performed in the system of FIG. 1 and are
described with reference to the elements and steps de-
scribed with respect to FIGS. 2A-2C, 3A-3D, 4A-4C, 5A,
5B, and 6A-6C.
[0039] At step 700, the system acquires a color image
300 of a mailpiece or other object. As discussed herein,
the color image 300 may be acquired from a color cam-
era, a color scanner, or any other device that creates,
stores, retrieves, or outputs color images. At step 710,
the system generates a first grayscale image 310 from
a red color channel in the color image 300, a second
grayscale image 320 from a green color channel in the
input color image 300, and a third grayscale image 330
from a blue color channel in the input color image 300,
as discussed. At step 720, the system generates a first
binary image 340 from the grayscale image 310 gener-
ated from the red color channel, a second binary image
350 generated from the grayscale image 320 generated
from the green color channel, and a third binary image
360 generated from the grayscale image 330 generated
from the blue color channel, as discussed. At step 730,
the system uses the first binary image 340, the second
binary image 350, and the third binary image 360 to de-
termine a combined pixel value for each pixel. A com-
bined pixel value is calculated from a corresponding pixel
in each of the binary images 340, 350, 360, as already
discussed herein. At step 740, a value is assigned to
each pixel based on the combined pixel value and a pre-
determined pixel combination threshold, as discussed
above, thus generating the binary image 370.
[0040] FIG. 8 shows a block diagram of a binary image
generation module 100 in accordance with aspects of
the present disclosure. The binary image generation
module 100 shown in FIG. 8 may be the binary image
generation module 100 in the computing device 114
shown in FIG. 1. The binary image generation module
100 may include a color image acquirer 800, a grayscale
image generator 810, and a binary image generator 820.
The color image acquirer 800 may acquire the color im-
age 300 from a color camera, a color scanner, or any
other device that creates, stores, retrieves, or outputs
color images, as discussed herein. The grayscale image
generator 810 may generate a first grayscale image 310
from a red color channel in the color image 300 acquired
by the color image acquirer 800, a second grayscale im-
age 320 from a green color channel in the input color
image 300 acquired by the color image acquirer 800, and

a third grayscale image 330 from a blue color channel in
the input color image 300 acquired by the color image
acquirer 800, as described herein.
[0041] The binary image generator 820 may generate
a first binary image 340 from the grayscale image 310
generated from the red color channel by the grayscale
image generator 810, a second binary image 350 gen-
erated from the grayscale image 320 generated from the
green color channel by the grayscale image generator
810, and a third binary image 360 generated from the
grayscale image 330 generated from the blue color chan-
nel by the grayscale image generator 810, as described
herein. The binary image generator 820 may also use
the first binary image 340, the second binary image 350,
and the third binary image 360 generated by the binary
image generator 820 to determine a combined pixel value
for each pixel. A combined pixel value is calculated from
a corresponding pixel in each of the binary images 340,
350, 360, as already discussed herein. The binary image
generator 820 may further assign a value to each pixel
based on the combined pixel value and a predetermined
pixel combination threshold, as discussed above, thus
generating the binary image 370.
[0042] It is noted that the foregoing examples have
been provided merely for the purpose of explanation and
are in no way to be construed as limiting of the present
invention. While the present invention has been de-
scribed with reference to exemplary embodiments, it is
understood that the words which have been used herein
are words of description and illustration, rather than
words of limitation. Changes may be made, within the
purview of the appended claims, as presently stated and
as amended, without departing from the scope and spirit
of the present invention in its aspects. Although the
present invention has been described herein with refer-
ence to particular means, materials and embodiments,
the present invention is not intended to be limited to the
particulars disclosed herein; rather, the present invention
extends to all functionally equivalent structures, methods
and uses, and combinations thereof such as are within
the scope of the appended claims.

Claims

1. A method comprising:

acquiring a color image;
generating a first grayscale image from a first
color channel in the color image and a second
grayscale image from a second color channel in
the color image; and
generating a binary image using at least the first
grayscale image and the second grayscale im-
age.

2. The method according to claim 1, wherein the gen-
erating the binary image comprises generating a bi-
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nary image of the first color channel by binarizing
the first grayscale image and a binary image of the
second color channel by binarizing the second gray-
scale image.

3. The method according to claim 2, wherein the gen-
erating the binary image further comprises combin-
ing the binary image of the first color channel and
the binary image of the second color channel to gen-
erate the binary image.

4. The method according to claim 3, wherein a first pre-
determined weight for the first color channel and a
second predetermined weight for the second color
channel are used in the combining to generate the
binary image.

5. The method according to claim 4, wherein the com-
bining to generate the binary image comprises, for
each pixel in the binary image, determining a com-
bined pixel value by combining corresponding pixel
values in the binary image of the first color channel
and the binary image of the second color channel
using the first predetermined weight and the second
predetermined weight, respectively.

6. The method according to claim 5, wherein, for each
pixel in the binary image:

in response to the combined pixel value being
less than or equal to a predetermined threshold,
a first value is assigned to the pixel; and
in response to the combined pixel value being
greater than the predetermined threshold, a sec-
ond value is assigned to the pixel.

7. The method according to claim 6, wherein the first
value is a white value and the second value is a black
value.

8. The method according to any preceding claim, fur-
ther comprising generating a third grayscale image
from a third color channel in the color image, and
wherein the generating the binary image further com-
prises using the third grayscale image.

9. A computer program product having program in-
structions, the program instructions executable by a
computer device to cause the computer device to
perform a method as set out in any of claims 1 to 8.

10. A computing device comprising:

at least one hardware processor;
a color image acquirer configured to acquire a
color image;
a grayscale image generator configured to gen-
erate a first grayscale image from a first color

channel in the color image acquired by the color
image acquirer and a second grayscale image
from a second color channel in the color image
acquired by the color image acquirer; and
a binary image generator configured to generate
a binary image using the first grayscale image
generated by the grayscale image generator
and the second grayscale image generated by
the grayscale image generator.

11. The computing device according to claim 10, where-
in the binary image generator is configured to gen-
erate the binary image by generating a binary image
of the first color channel by binarizing the first gray-
scale image and a binary image of the second color
channel by binarizing the second grayscale image.

12. The computing device according to claim 11, where-
in the binary image generator is further configured
to generate the binary image by combining at least
the binary image of the first color channel and the
binary image of the second color channel.

13. The computing device according to claim 12, where-
in the binary image generator is further configured
to use a first predetermined weight for the first color
channel and a second predetermined weight for the
second color channel in the combining.

14. The computing device according to claim 13, where-
in the binary image generator is further configured,
for each pixel in the binary image, to determine a
combined pixel value by combining corresponding
pixel values in the binary image of the first color chan-
nel and the binary image of the second color channel
using the first predetermined weight and the second
predetermined weight, respectively.

15. The computing device according to claim 14, where-
in the binary image generator is further configured,
for each pixel in the binary image, to:

in response to the combined pixel value being
less than or equal to a predetermined threshold,
assign a first value to the pixel; and
in response to the combined pixel value being
greater than the predetermined threshold, as-
sign a second value to the pixel.
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